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Table S1. Experimental results. Denitrifying activity rate (rd T) (N2O μmol m-2 h-1) for each experimental temperature (T) (°C), and Q10 
and apparent activation energy (Ea) (kJ mol-1) for each nitrate enrichment level. Sampling date (YYMMDD). Ea* calculated with a 
temperature range of 5-10°C instead of 5-15°C. 
Date 
and lake 
Core Sensor 
Initial 
NO3- 
(μM) 
7μM NO3- 
added 
14μM NO3- 
added 
28μM NO3- 
added 
rd 5 rd  15 Q10 Ea rd  5 rd  15 Q10 Ea rd  5 rd  15 Q10 Ea rd  10 Ea* 
130903 
Redon 
A 1 5                 7.1 17.4 2.4 59 14.4 92 
B 2 6                 12.2 24.0 2.0 45 21.5 74 
C 3 6                 8.5 19.8 2.3 57 15.4 79 
D 4 6                 13.0 27.9 2.2 51 22.6 72 
E 5 6                 9.0 17.0 1.9 42 15.1 68 
131007 
Redon 
F 1 6         2.9 10.5 3.6 86            
G 2 6         2.7 10.0 3.7 87            
H 3 5         4.9 16.9 3.4 82            
I 4 5         3.8 10.7 2.9 70            
J 5 6         5.7 15.0 2.6 65            
131104 
Redon 
K 1 5         3.4 15.2 4.5 100 8.5 30.2 3.5 84     
L 2 5 1.7 9.3 5.3 111 8.3 16.2 1.9 44 15.5 35.6 2.3 56     
M 3 6 2.6 7.5 2.9 70 5.9 13.4 2.3 55 11.3 29.7 2.6 64     
N 4 4 2.9 8.6 2.9 72 10.6 17.0 1.6 31 12.8 49.7 3.9 91     
O 5 5         6.9 15.0 2.2 51 18.2 60.5 3.3 80     
131111  
Plan 
P 1 1         3.2 11.5 3.6 86 5.7 21.3 3.7 88     
Q 2 2 3.6 10.0 2.8 69 4.6 17.3 3.8 89 17.9 30.1 1.7 34     
R 3 1 0.5 4.6 9.3 149 2.6 8.8 3.4 81 7.5 23.8 3.2 76     
S 4 1 4.3 7.3 1.7 35 3.8 20.3 5.3 112 25.2 37.1 1.5 26     
T 5 1 1.0 2.2 2.2 51 2.4 9.5 4.0 92 9.6 21.1 2.2 52     
131118 
Llong 
U 1 7 2.1 10.7 5.2 110 2.2 12.2 5.6 115 6.2 13.9 2.3 54     
V 2 8 1.3 6.1 4.8 104 3.9 7.7 2.0 45 8.5 14.1 1.7 34     
W 3 9 1.1 2.6 2.3 57 2.2 3.5 1.6 31             
X 4 9 2.7 6.4 2.4 57 8.2 15.5 1.9 42 12.9 29.3 2.3 55     
Y 5 8 2.9 4.0 1.4 22 3.9 7.7 2.0 45 4.2 9.9 2.3 57     
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Table S2. Studies on the temperature dependence of the denitrification rates in aquatic ecosystems 
Study reference T range Ecosystem Habitat 
Experimental 
device 
Method 
NO3-  
in situ 
(μM) 
NO3- 
added 
(μM) 
Q10 
Ea 
(kJ mol-1) 
Ea (eV) 
Ea 
change 
(%) 
Experiment
al T (°C) 
In situ  
T (°C) 
This study 
(experimental) 
Complete Lake (N-poor) Sediment Sediment core 
Acetylene 
inhibition 
5.1 
(0.8-9.3) 
7 
3.6  
(1.4-9.3) 
76  
(22-149) 
0.79  
(0.23-1.54)  
10  
(5-15) 
5 
This study 
(experimental) 
Complete Lake (N-poor) Sediment Sediment core 
Acetylene 
inhibition 
5.1  
(0.8-9.3) 
14 
3.1  
(1.6-5.6) 
70  
(31-114) 
0.73  
(0.32-1.18)  
10  
(5-15) 
5 
This study 
(experimental) 
Complete Lake (N-poor) Sediment Sediment core 
Acetylene 
inhibition 
5.1  
(0.8-9.3) 
28 
2.5  
(1.5-3.9) 
58  
(26-91) 
0.6  
(0.27-0.94)  
10  
(5-15) 
5 
This study 
(experimental) a 
Complete Lake (N-poor) Sediment Sediment core 
Acetylene 
inhibition 
5.3  
(5.1-5.9) 
28 
2.2  
(1.9-2.4) 
51  
(42-59) 
0.53  
(0.44-0.61) 
51 
10  
(5-15) 
5 
This study 
(experimental) a 
In situ Lake (N-poor) Sediment Sediment core 
Acetylene 
inhibition 
5.3  
(5.1-5.9) 
28 
3.3  
(2.8-4.1) 
77  
(68-92) 
0.8  
(0.71-0.95) 
51 
7.5  
(5-10) 
5 
Messer and Brezonik 
[1984] 
Complete Lake Sediment Slurries 
Acetylene 
inhibition 
- 12500 2.6 70 0.73 
 
25  
(14-36) 
25b 
Myrstener et al. [2016] Complete Lake (N-poor) Sediment Slurries 
Acetylene 
inhibition 
5 62.7 1.77 47 0.49 13 
14.5  
(4-25) 
4 
Myrstener et al. [2016] In situ Lake (N-poor) Sediment Slurries 
Acetylene 
inhibition 
5 62.7 NA 53 0.55 13 
7  
(4-10) 
4 
Cavari and Phelps 
[1977] 
Complete Lake P. aeruginosa culture Culture 
Nitrate 
removal 
(7-107) 143 1.4 26 0.27 23 
22.5  
(15-30) 
16  
(16-30) c 
Cavari and Phelps 
[1977] 
In situ Lake P. aeruginosa culture Culture 
Nitrate 
removal 
(7-107) 143 1.6 32 0.33 23 
18.5  
(15-22) 
16  
(16-30) c 
Veraart et al. [2011] Complete Pond Sediment Microcosms 15N-Tracer - 119 8.6 179 1.86 
 
18  
(11-25) 
17.5 
Veraart et al. [2011] Complete Pond Sediment 
Ditch 
enclosure 
15N-Tracer - 50 11.8 155 1.61 
 
14  
(8-20) 
14d 
Boulêtreau et al. [2012] Complete Stream River biofilm Slurries 
Acetylene 
inhibition 
85.7 1714 
7  
(4.2-9.8) 
137  
(91-183) 
1.42  
(0.94-1.9) 
-69 
16  
(1-31) 
7.2 
Boulêtreau et al. [2012] In situ Stream River biofilm Slurries 
Acetylene 
inhibition 
85.7 1714 NA 43 0.45 -69 
6.5  
(1-12) 
7.2 
Holmes et al. [1996] Complete Stream Sediment (Parafluvial) Slurries 
Acetylene 
inhibition 
5.1 14286 3.5 88 0.91 
 
17  
(10-24) 
23  
(17-29) 
Pfenning and McMahon 
[1997] 
Complete River (eutrophic) Sediment Slurries 
Acetylene 
inhibition 
- 357 1.8 41 0.43 
 
13  
(4-22) 
10  
(2-18.1) 
Silvennoinen et al. 
[2008] 
Complete River (eutrophic) Sediment Sediment core 15N-Tracer - 30 3.1 82 0.85 
 
12.5  
(5-20) 
17 
Pattinson et al. [1998] Complete River (eutrophic) Sediment Sediment core 
Acetylene 
inhibition 
2300 814 2.2 48 0.5 167 
12.5  
(5-20) 
5 
Pattinson et al. [1998] In situ River (eutrophic) Sediment Sediment core 
Acetylene 
inhibition 
2300 814 7.1 128 1.33 167 
7.5  
(5-10) 
5 
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Study reference T range Ecosystem Microbial assemblage Sample Method 
NO3-  
in situ 
(μM) 
NO3- 
added 
(μM) 
Q10 
Ea 
(kJ mol-1) 
Ea (eV) 
Ea 
change 
(%) 
Estimation 
(°C) 
In situ  
T (°C) 
Pattinson et al. [1998] Complete River (eutrophic) Sediment Sediment core 
Acetylene 
inhibition 
2300 1528 2 45 0.47 109 
12.5  
(5-20) 
5 
Pattinson et al. [1998] In situ River (eutrophic) Sediment Sediment core 
Acetylene 
inhibition 
2300 1528 4.2 94 0.97 109 
7.5  
(5-10) 
5 
Pattinson et al. [1998] Complete River (eutrophic) Sediment Sediment core 
Acetylene 
inhibition 
2300 2242 1.7 33 0.34 115 
12.5  
(5-20) 
5 
Pattinson et al. [1998] In situ River (eutrophic) Sediment Sediment core 
Acetylene 
inhibition 
2300 2242 2.9 71 0.74 115 
7.5  
5-10) 
5 
Pattinson et al. [1998] Complete River (eutrophic) Sediment Sediment core 
Acetylene 
inhibition 
2300 2957 1.6 29 0.3 110 
12.5  
(5-20) 
5 
Pattinson et al. [1998] In situ River (eutrophic) Sediment Sediment core 
Acetylene 
inhibition 
2300 2957 2.5 61 0.63 110 
7.5  
(5-10) 
5 
Sheibley et al. [2003] Complete Hyporheic zone Sediment Sediment core 
Nitrate 
removal 
0.14 no add 5.3 101 1.05 
 
15  
(8-22) 
15d 
Jørgensen et al. [2009] Complete 
Groundwater 
aquifer 
Sediment Slurries 
Nitrate 
removal 
- 521 1.9 42 0.44 69 
19  
(9-29) 
9 
Jørgensen et al. [2009] In situ 
Groundwater 
aquifer 
Sediment Slurries 
Nitrate 
removal 
- 521 2.7 71 0.74 69 
11.5  
(9-14) 
9 
Ambus [1993] Complete 
Riparian  
(stream-land) 
Soil (riparian, stream 
side) 
Slurries 
Acetylene 
inhibition 
- 14286 2.9 65 0.67 18 
12.5  
(2-23) 
7.5  
(0-15) 
Ambus [1993] In situ 
Riparian  
(stream-land) 
Soil (riparian, stream 
side) 
Slurries 
Acetylene 
inhibition 
- 14286 NA 77 0.8 18 
8.5  
(2-15) 
7.5  
(0-15) 
Westermann and 
Ahring [1987] 
Complete Swamp Sediment Alder swamp Slurries 
Acetylene 
inhibition 
12.5 1000 
2.9  
(2.8-3.0) 
73  
(70-76) 
0.76  
(0.73-0.79) 
32 
13.5  
(2-25) 
7.5  
(0-15) 
Westermann and 
Ahring [1987] 
In situ Swamp Sediment Alder swamp Slurries 
Acetylene 
inhibition 
12.5 1000 NA 96 1 32 6 (2-10) 
7.5  
(0-15) 
King and Nedwell 
[1984] 
Complete 
Wetland  
(Salt-marsh) 
Culture dominated by 
Pseudomonas spp. 
Culture 
Nitrate 
removal 
- 1000 NA 98 1.02 
 
8 (3-13) 
15  
(0-20) e 
King and Nedwell 
[1984] 
Complete 
Wetland  
(Salt-marsh) 
Culture dominated by 
Vibrio spp. 
Culture 
Nitrate 
removal 
- 1000 NA 60 0.62 
 
18.5  
(6-31) 
15  
(0-20) f 
Brin et al. [2017] Complete Estuary (June) Sediment Slurries 
Acetylene 
inhibition 
1.1  
(0.6-2.1)h 
100i NA 36 k 0.37 25 
17  
(3-31) 
16 
Brin et al. [2017] In situ Estuary (June) Sediment Slurries 
Acetylene 
inhibition 
1.1  
(0.6-2.1)h 
100i NA 45 0.46 25 
16  
(12-20) 
16 
Brin et al. [2017] Complete Estuary (August) Sediment Slurries 
Acetylene 
inhibition 
1.1  
(0.6-2.1)h 
100i NA 46 k 0.48 78 
15  
(3-27) 
22 
Brin et al. [2017] In situ Estuary (August) Sediment Slurries 
Acetylene 
inhibition 
1.1  
(0.6-2.1)h 
100i NA 82 0.85 78 
21.5 
(18-25) 
22 
Brin et al. [2017] Complete Estuary (January) Sediment Slurries Acetylene 1.1  100i NA 53 k 0.55 56 15  6 
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inhibition (0.6-2.1)h (3-27) 
Study reference T range Ecosystem Microbial assemblage Sample Method 
NO3-  
in situ 
(μM) 
NO3- 
added 
(μM) 
Q10 
Ea 
(kJ mol-1) 
Ea (eV) 
Ea 
change 
(%) 
Estimation 
T (°C) 
In situ  
T (°C) 
Brin et al. [2017] In situ Estuary (January) Sediment Slurries 
Acetylene 
inhibition 
1.1  
(0.6-2.1)h 
100i NA 83 0.86 56 
6.5  
(3-10) 
6 
Brin et al. [2017] Complete 
Marine, temperate 
(January) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 60 k 0.63 9 
19  
(3-35) 
6 
Brin et al. [2017] In situ 
Marine, temperate 
(January) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 66 0.69 9 
6.5  
(3-10) 
6 
Brin et al. [2017] Complete 
Marine, temperate 
(June) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 44 k 0.45 70 
15  
(3-27) 
11 
Brin et al. [2017] In situ 
Marine, temperate 
(June) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 74 0.77 70 
11  
(8-14) 
11 
Brin et al. [2017] Complete 
Marine, temperate 
(July) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 51 k 0.52 -65 
15  
(3-27) 
16 
Brin et al. [2017] In situ 
Marine, temperate 
(July) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 18 0.18 -65 
16  
(12-20) 
16 
Brin et al. [2017] Complete 
Marine, temperate 
(September) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 39 k 0.4 -17 
13.5  
(3-24) 
17 
Brin et al. [2017] In situ 
Marine, temperate 
(September) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 32 0.33 -17 
17.5  
(14-21) 
17 
Brin et al. [2017] Complete 
Marine, temperate 
(March) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 44 k 0.45 6 
13.5  
(3-24) 
7 
Brin et al. [2017] In situ 
Marine, temperate 
(March) 
Sediment (continental 
shelf) 
Slurries 
Acetylene 
inhibition 
1.5  
(1.0-4.0)h 
100i NA 46 0.48 6 
6.5  
(3-10) 
7 
Brin et al. [2017] Complete 
Marine, temperate 
(March) 
Sediment (microcosm 
at 4°C, 2 weeks) 
Slurries 
Acetylene 
inhibition 
- 100i NA 41 k 0.43  
12.5  
(3-22) 
4j 
Brin et al. [2017] Complete 
Marine, temperate 
(March) 
Sediment (microcosm 
at 4°C, 12 weeks) 
Slurries 
Acetylene 
inhibition 
- 100i NA 40 k 0.42  
12.5  
(3-22) 
4j 
Brin et al. [2017] Complete 
Marine, temperate 
(March) 
Sediment (microcosm 
at 4°C + C, 12 weeks) 
Slurries 
Acetylene 
inhibition 
- 100i NA 37 k 0.38  
12.5  
(3-22) 
4j 
Brin et al. [2017] Complete 
Marine, temperate 
(March) 
Sediment (microcosm 
at 17°C, 12 weeks) 
Slurries 
Acetylene 
inhibition 
- 100i NA 44 k 0.46  
12.5  
(3-22) 
17j 
Brin et al. [2017] Complete 
Marine, temperate 
(March) 
Sediment (microcosm 
at 17°C + C, 12 weeks) 
Slurries 
Acetylene 
inhibition 
- 100i NA 46 k 0.48  
12.5  
(3-22) 
17j 
Canion et al. [2014] Complete 
Marine, temperate 
(March) 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 53.9 100 2.5 74 0.77 41 
13  
(0-26) 
5.6 
Canion et al. [2014] In situ 
Marine, temperate 
(March) 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 53.9 100 NA 104 1.08 41 
5  
(0-10) 
5.6 
Canion et al. [2014] Complete 
Marine, temperate 
(June) 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 0.8 100 2 54 0.56 -26 
13  
(0-26) 
17.9 
 6 
Canion et al. [2014] In situ 
Marine, temperate 
(June) 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 0.8 100 NA 40 0.41 -26 
18  
(17-19) 
17.9 
Study reference T range Ecosystem Microbial assemblage Sample Method 
NO3-  
in situ 
(μM) 
NO3- 
added 
(μM) 
Q10 
Ea 
(kJ mol-1) 
Ea (eV) 
Ea 
change 
(%) 
Estimationl 
T (°C) 
In situ  
T (°C) 
Kraft et al. [2014] Complete Marine, temperate 
Bact. com. isolation 
(sandy tidal flat) 
Culture 15N-Tracer - 1000 1.4 22 0.23 18 
20  
(10-30) 
11 (2-
19) 
Kraft et al. [2014] In situ Marine, temperate 
Bact. com. isolation 
(sandy tidal flat) 
Culture 15N-Tracer - 1000 NA 26 0.27 18 
12.5  
(10-15) 
11 (2-
19) 
Rysgaard et al. [2004] Complete Marine, polar 
Sediment (polar 40 m 
water depth) 
Slurries 15N-Tracer 3.8 50 NA 61 0.63 110 
11.5  
(-2-25) 
0 (-0.5-
4) 
Rysgaard et al. [2004] In situ Marine, polar 
Sediment (polar 40 m 
water depth) 
Slurries 15N-Tracer 3.8 50 NA 128 1.33 110 
-0.8  
(-2-0.5) 
0 (-0.5-
4) 
Canion et al. [2014] Complete Marine, polar 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 0.5 100 2.3 61 0.63 34 
10  
(-1-21) 
6.8 
Canion et al. [2014] In situ Marine, polar 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 0.5 100 NA 82 0.85 34 7.5 (6-9) 6.8 
Canion et al. [2014] Complete 
Marine, subtropical 
gulf 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 1.7 100 3.8 100 1.04 30 
17.5  
(-1-36) 
29.9 
Canion et al. [2014] In situ 
Marine, subtropical 
gulf 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 1.7 100 NA 130 1.35 30 
29.5  
(27-32) 
29.9 
Canion et al. [2014] Complete 
Marine, subtropical 
bay 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 2.2 100 5 121 1.25 47 
19  
(3-35) 
31.8 
Canion et al. [2014] In situ 
Marine, subtropical 
bay 
Sediment (Near shore, 
permeable) 
Slurries 15N-Tracer 2.2 100 NA 191 1.98 47 
32  
(30-34) 
31.8 
Cameron and Schipper 
[2010] 
Complete Artificial 
DEN bed (sawdust 
(Pinus radiata)) 
DEN bed 
Nitrate 
removal 
- 10714 2.4 63 0.65 
 
19  
(14-24) 
19 d 
Warneke et al. [2011] Complete Artificial 
DEN bed (wood chips 
and sawdust of P. 
radiata) 
DEN bed 
Nitrate 
removal 
- 8929 2.1 53 0.54  
19.5  
(15-24) 
19.5 d 
Cameron and Schipper 
[2010] 
Complete Artificial 
DEN bed (woodchips of 
Pinus radiata) 
DEN bed 
Nitrate 
removal 
- 10714 1.9 45 0.47 
 
19  
(14-24) 
19 d 
Cameron and Schipper 
[2010] 
Complete Artificial 
DEN bed (woodchips of 
Eucalyptus) 
DEN bed 
Nitrate 
removal 
- 10714 2 50 0.52 
 
19  
(14-24) 
19 d 
Cameron and Schipper 
[2010] 
Complete Artificial DEN bed (maize cobs) DEN bed 
Nitrate 
removal 
- 10714 1.3 16 0.17 
 
19  
(14-24) 
19 d 
Cameron and Schipper 
[2010] 
Complete Artificial DEN bed (wheat straw) DEN bed 
Nitrate 
removal 
- 10714 1.2 14 0.15 
 
19  
(14-24) 
19 d 
Cameron and Schipper 
[2010] 
Complete Artificial DEN bed (green waste) DEN bed 
Nitrate 
removal 
- 10714 1.2 11 0.12 
 
19  
(14-24) 
19 d 
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Notes (Table S2): 
 
Numerical values in parenthesis indicate the range, minimum and maximum values. 
 
Temperature (T) range: “complete” refers to the full experimental temperature range in 
the paper; “in situ” refers to a shorter range closer to the in situ temperature. 
 
Q10 calculation: Q10= 
!!"!! ! ( !"!!!!!), where rd is the denitrification rate and T the absolute 
temperature. 
 
Ea (kJ mol-1) calculation from: 
!! !!! ! = exp[ !!! ( !!! − !!!)]. Where R is the gas constant 
(8.314 J K -1 mol-1), T the absolute temperature and rd the denitrification rate. 
 
Ea (eV) from Ea (kJ mol-1) data: Ea (eV)= 0.01037 * Ea (kJ mol-1).  
 
Ea change (%)=(
!! !" !"#$ ! !"#$% ! !! !"#$%&'& ! !"#$%!! !"#$%&'& ! !"#$% ) ∗ 100. 
 
a Lake Redon, field campaign 3rd September 2013 (see Table S1). 
b Annual mean temperature (air) (http://www.worldclim.org). 
c Lake Kinneret water temperature: hypolimnion 16°C (constant), epilimnion 16-30°C 
[Gal et al., 2003]. 
d Experimental mean temperature. 
e Culture isolated at 10°C. 
f Culture isolated at 25°C.  
h Nitrate in situ is mean porewater nitrate (µM) data from Brin et al. [2014]. 
i Nitrate added: 100 nmol NO3—N mL sediment-1. 
J Sediments collected in the field at 7°C. 
K Mean Ea values of 45, 48 and 42 kJ mol-1 for estuary, continental shelf and 
microcosms samples, respectively	[Brin	et	al.,	2017], used in Fig. 3 plot.			
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Regression models relating the DEN Ea (kJ mol-1) to the inverse of the nitrate 
concentration ([NO3-]-1) (µM):  
 
In this section, we provide a brief introduction of the linear mixed-effects models and 
detailed information about the performed alternative regression models relating the 
DEN Ea (kJ mol-1) to the inverse of the nitrate concentration ([NO3-]-1) (µM). The aim is 
to clarify and complement the information in the main manuscript (section 3.1 and 
Table 2). 
Many common statistical models can be expressed as linear models that incorporate 
both fixed effects, which are parameters associated with an entire population or with 
certain repeatable levels of experimental factors, and random effects, which are 
associated with individual experimental units drawn at random from a population. A 
model with both fixed effects and random effects is called a mixed-effects model 
[Pinheiro and Bates, 1978]. All the performed regression models in this study have the 
same fixed part with the inverse of the nitrate concentration ([NO3-]-1) (µM) in the 
overlying water of the lake sediments (Table 2). 
Mixed-effects models are primarily used to describe relationships between a response 
variable and some covariates in data that are grouped according to one or more 
classification factors. Examples of such grouped data include longitudinal data, repeated 
measures data, multilevel data, and block designs. By associating common random 
effects to observations sharing the same level of a classification factor, mixed-effects 
models flexibly represent the covariance structure induced by the grouping of the data 
[Pinheiro and Bates, 1978].  
The model 0 and 1 are simple linear regression models, without any random effects, 
they differ in the function used to fit the model. In model 0 is used the lm function from 
the R package stats, the design was inspired by the S function of the same name 
described in Chambers [1992]. Model 1 uses the gls function, from the R package nlme 
[Pinheiro et al., 2007], which fits linear models using generalized least squares. Both 
models are identical, have the same coefficient and intercept. We develop the model 1 
to compare it with model 2, which incorporate the temporal autocorrelation intrinsic to 
sequential experimental additions, i.e., if it is the first, second or third addition in the 
core sample. Model 2 uses the same gls function to fit the model but incorporates an 
auto-regressive model of order 1 (corAR1) accounting for auto-correlation (see further 
details in Zuur et al. [2009] section 6.1). We conclude that temporal-autocorrelation was 
not interfering with the results as model 2 does not improve model 1. The two models 
explain the same fixed and global variance, and an ANOVA comparing the models 
showed that the more complex model 2 did not improve significantly (p=0.56) model 1.  
Models 3-10 are all mixed-effects models with the same fixed part with the inverse of 
the nitrate concentration and different composition of the random part. Models 3, 4 and 
5 account for the sensor particular performance (#1, #2, #3, #4 or #5, see Table S1). 
Model 4 just modify the slope, not the intercept. Models 5 (nested in the sensor), 6 and 
7 consider the core (sample) effect. Model 8 takes into account the three nitrate 
enrichment levels, and model 9 the addition order (first, second and third). Finally, 
model 10 takes into account the lake effect. Models with more than 1 factor crossed in 
the random part (not shown) were built with the lmer function within the lme4 R 
package [Bates et al., 2015], these models did not improve model 1, 3 or 4 (p(>0.05) in 
ANOVAs and have higher AICc values). As we mention in the manuscript (Results 
3.1), the models accounting for the sensor effects (model 3 and 4 in Table 2) showed the 
lower AICc values, explained more variance and were the only ones that improved the 
initial model 1, which did not have the random part (ANOVA p-values of 0.047 and 
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0.008 for model 3 and 4, respectively). We selected model 4 as the best estimation 
because it is simpler than 3. 
 
References: Ambus,	P.	(1993),	Control	of	denitrification	enzyme-activity	in	a	streamside	soil,	
FEMS	Microbiol.	Ecol.,	102(3-4),	225-234.	Bates,	D.,	M.	Mächler,	B.	Bolker,	and	S.	Walker	(2015),	Fitting	linear	mixed-effects	models	using	lme4,	J.	Stat.	Softw.,	67(1),	1-48.	Boulêtreau,	S.,	E.	Salvo,	E.	Lyautey,	S.	Mastrorillo,	and	F.	Garabetian	(2012),	Temperature	dependence	of	denitrification	in	phototrophic	river	biofilms,	Sci.	
Total	Environ.,	416,	323-328.	Brin,	L.	D.,	A.	E.	Giblin,	and	J.	J.	Rich	(2014),	Environmental	controls	of	anammox	and	denitrification	in	southern	New	England	estuarine	and	shelf	sediments,	
Limnol.	Oceanogr.,	59(3),	851-860.	Brin,	L.	D.,	A.	E.	Giblin,	and	J.	J.	Rich	(2017),	Similar	temperature	responses	suggest	future	climate	warming	will	not	alter	partitioning	between	denitrification	and	anammox	in	temperate	marine	sediments,	Glob.	Chang.	Biol.,	23,	331-340.	Cameron,	S.	G.,	and	L.	A.	Schipper	(2010),	Nitrate	removal	and	hydraulic	performance	of	organic	carbon	for	use	in	denitrification	beds,	Ecol.	Eng.,	36(11),	1588-1595.	Canion,	A.,	J.	Kostka,	T.	Gihring,	M.	Huettel,	J.	Van	Beusekom,	H.	Gao,	G.	Lavik,	and	M.	Kuypers	(2014),	Temperature	response	of	denitrification	and	anammox	reveals	the	adaptation	of	microbial	communities	to	in	situ	temperatures	in	permeable	marine	sediments	that	span	50°	in	latitude,	Biogeosciences,	11(2),	309-320.	Cavari,	B.	Z.,	and	G.	Phelps	(1977),	Denitrification	in	lake	Kinneret	in	presence	of	oxygen,	Freshwater	Biol.,	7(4),	385-391.	Chambers,	J.	M.	(1992),	Linear	models,	Wadsworth	&	Brooks/Cole,	Pacific	Grove,	California.	Gal,	G.,	J.	Imberger,	T.	Zohary,	J.	Antenucci,	A.	Anis,	and	T.	Rosenberg	(2003),	Simulating	the	thermal	dynamics	of	Lake	Kinneret,	Ecol.	Model.,	162(1),	69-86.	Holmes,	R.	M.,	J.	B.	Jones,	S.	G.	Fisher,	and	N.	B.	Grimm	(1996),	Denitrification	in	a	nitrogen-limited	stream	ecosystem,	Biogeochemistry,	33(2),	125-146.	Jørgensen,	C.	J.,	O.	S.	Jacobsen,	B.	Elberling,	and	J.	Aamand	(2009),	Microbial	Oxidation	of	Pyrite	Coupled	to	Nitrate	Reduction	in	Anoxic	Groundwater	Sediment,	
Environ.	Sci.	Technol.,	43(13),	4851-4857.	King,	D.,	and	D.	B.	Nedwell	(1984),	Changes	in	the	nitrate-reducing	community	of	an	anaerobic	saltmarsh	sediment	in	response	to	seasonal	selection	by	temperature,	Microbiology,	130(11),	2935-2941.	Kraft,	B.,	H.	E.	Tegetmeyer,	R.	Sharma,	M.	G.	Klotz,	T.	G.	Ferdelman,	R.	L.	Hettich,	J.	S.	Geelhoed,	and	M.	Strous	(2014),	The	environmental	controls	that	govern	the	end	product	of	bacterial	nitrate	respiration,	Science,	345(6197),	676-679.	Messer,	J.	J.,	and	P.	L.	Brezonik	(1984),	Laboratory	evaluation	of	kinetic-parameters	for	lake	sediment	denitrification	models,	Ecol.	Model.,	21(4),	277-286.	Myrstener,	M.,	A.	Jonsson,	and	A.	K.	Bergstrom	(2016),	The	effects	of	temperature	and	resource	availability	on	denitrification	and	relative	N2O	production	in	boreal	lake	sediments,	J.	Environ.	Sci.,	47,	82-90.	Pattinson,	S.	N.,	R.	Garcia-Ruiz,	and	B.	A.	Whitton	(1998),	Spatial	and	seasonal	variation	in	denitrification	in	the	Swale-Ouse	system,	a	river	continuum,	Sci.	Total	
Environ.,	210(1-6),	289-305.	
	 10	
Pfenning,	K.,	and	P.	McMahon	(1997),	Effect	of	nitrate,	organic	carbon,	and	temperature	on	potential	denitrification	rates	in	nitrate-rich	riverbed	sediments,	J.	
Hydrol.,	187(3),	283-295.	Pinheiro,	J.,	D.	Bates,	S.	DebRoy,	and	D.	Sarkar	(2007),	Linear	and	nonlinear	mixed	effects	models,	in	R	package	version,	edited,	p.	57.	Pinheiro,	J.	C.,	and	D.	M.	Bates	(1978),	Mixed-Effects	Models	in	S	and	S-plus,	528	pp.,	Springer,	New	York,	NY.	Rysgaard,	S.,	R.	N.	Glud,	N.	Risgaard-Petersen,	and	T.	Dalsgaard	(2004),	Denitrification	and	anammox	activity	in	Arctic	marine	sediments,	Limnol.	
Oceanogr.,	49(5),	1493-1502.	Sheibley,	R.	W.,	A.	P.	Jackman,	J.	H.	Duff,	and	F.	J.	Triska	(2003),	Numerical	modeling	of	coupled	nitrification–denitrification	in	sediment	perfusion	cores	from	the	hyporheic	zone	of	the	Shingobee	River	USA,	Adv.	Water.	Resour.,	26(9),	977-987.	Silvennoinen,	H.,	A.	Liikanen,	J.	Torssonen,	C.	F.	Stange,	and	P.	J.	Martikainen	(2008),	Denitrification	and	N(2)O	effluxes	in	the	Bothnian	Bay	(northern	Baltic	Sea)	river	sediments	as	affected	by	temperature	under	different	oxygen	concentrations,	Biogeochemistry,	88(1),	63-72.	Veraart,	A.	J.,	W.	J.	de	Bruijne,	J.	J.	de	Klein,	E.	T.	Peeters,	and	M.	Scheffer	(2011),	Effects	of	aquatic	vegetation	type	on	denitrification,	Biogeochemistry,	104(1-3),	267-274.	Warneke,	S.,	L.	A.	Schipper,	D.	A.	Bruesewitz,	I.	McDonald,	and	S.	Cameron	(2011),	Rates,	controls	and	potential	adverse	effects	of	nitrate	removal	in	a	denitrification	bed,	Ecol.	Eng.,	37(3),	511-522.	Westermann,	P.,	and	B.	K.	Ahring	(1987),	Dynamics	of	methane	production,	sulfate	reduction,	and	denitrification	in	a	permanently	waterlogged	alder	swamp,	Appl.	
Environ.	Microbiol.,	53(10),	2554-2559.	Zuur,	A.,	E.	Ieno,	N.	Walker,	A.	Saveliev,	and	G.	Smith	(2009),	Mixed	effects	models	
and	extensions	in	ecology	with	R.	,	574	pp.,	Springer-Verlag	New	York,	New	York,	NY.			
